Background: The prognostic predict biomarkers are important in oral squamous cell carcinoma (OSCC). We investigated the expression patterns and quantitation of hypoxia-inducible factor-1 alpha (HIF-1a) and vascular endothelial growth factor (VEGF) in OSCC patients. Among OSCC patients with recurrence and metastasis, the expression percentages of HIF-1a and VEGF also were analyzed. Methods: Thirty-eight patients (8 hyperkeratosis, 30 oral squamous cell carcinoma) were included in this study. In the follow-up period, 5 OSCC patients had metastasis and 12 OSCC patients had local recurrence. We used computer-assisted image processing to analyze immunohistochemistry (IHC). The quantitative analysis of IHC slides, including upper-layer epithelium (U) and lower-layer epithelium (L), was calculated. Results: We found homogeneous expression of VEGF in the epithelium. However, two patterns of HIF-1a expression were observed: homogeneous and heterogeneous. The highest U þ L layer percentage in HIF-1a and VEF expression had significant association in tumor metastasis and recurrence ( p < 0.001 in HIF-1a and p < 0.001 in VEGF). U þ L layer HIF-1a expression percentage was >156.4%, and the survival rate was poor ( p < 0.001). Conclusion: HIF-1a expression was not only influenced by tumor hypoxia, it also reflected tumor cell characteristics. High concentrations of VEGF and HIF-1a may have value as prognostic markers of tumor metastasis and recurrence.
Introduction
According to Taiwan's health promotion administration, oral cancer is the fifth most prevalent cancer in Taiwan (in males, it ranks fourth). 1 The 5-year survival rate in advanced oral cancer is less than 50%. Metastasis and local recurrence are the main reasons for poor prognosis.
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Tumor hypoxia and genetic alteration, via oncogenes or tumor suppressor gene mutations, both influence tumorigenesis. Tumor hypoxia occurs when tumor growth exceeds the angiogenic growth. Hypoxia in tissue is defined as oxygen tension (pO 2 ) less than 10 mmHg. 2 Lower overall and diseasefree survival were found in hypoxic tumors, including head and neck carcinoma. 2, 3 One of the central transcriptional regulators of tissue hypoxic response is HIF-1a. 4 The constitutive expression of HIF1a is caused by hypoxia and cumulative genetic alteration. Hypoxia and HIF-1a expression has been shown to promote neovascularization and facilitate tumor spread. 5 Acs et al. 6 reported, in dysplastic cervical lesion, that HIF-1a showed an abnormal distribution, especially in the lower third of the epithelium. Not only in hypoxia, HIF-1a can also express in ischemic and inflammatory conditions. VEGF can be activated by HIF-1a. 7, 8 VEGF expression in malignant tumor had been found to increase vascularity, cancer cell growth, and lymph node metastasis. 9, 10 However, in oral cancers, Schimming et al.
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found angiogenic factors were not an important variable in tumor prognosis. As for the interaction of HIF-1a and VEGF, Zhu et al. 12 found that knocked down HIF-1a could inhibit tumor angiogenesis and growth. A lack of direct correlation between hypoxia and angiogenesis was found in Aebersold et al., 13 West et al., 14 and Beasley et al. 15 studies. Traditionally, semi-quantification technique was used for grading in IHC, but the grades could not reveal the percentage changes and were discontinued. 16 In our study, we performed a quantitative measurement for IHC, and calculated the quantity in the upper and lower layers of the epithelium. We hypothesized that difference in quantitation could reflect the tumor characteristics as well as their relationship with tumor stage and grading.
Methods
A total of 38 patients (8 hyperkeratosis and 30 oral squamous cell carcinoma) were enrolled from the Department of Oral and Maxillofacial Surgery, Taichung Veterans General Hospital, Taiwan, between 2010 and 2013. The study (C09213) was approved by Taichung Veterans General Hospital, Taiwan. Thirty-four males and 4 females, ranging from 28 to 88 years old, with an average age of 56 years. Seventeen patients were well-differentiated OSCC, and 13 patients were moderate-poorly differentiated OSCC. Twelve patients had local recurrence, and 5 patients had metastasis in the follow-up period.
Oral tissue samples with pathological diagnosis of hyperkeratosis and OSCC were stained with hematoxylin and eosin (H&E). Other immunohistochemical stains were performed for HIF-1a (NeoMaker Ab-5, CLONEESEE 122) and VEGF (AR 483, BioGenex). The stain results were reviewed by pathologist (John Wang) and oral pathologist (LT Lee), using a double-headed light microscope.
For scoring the IHC stain, we used the method described by Pham et al. 17 (CMYK color mode). The Yellow channel of CMYK had improved sensitivity for IHC. Slides were scanned with brightfield image at 50Â magnification. The images were saved as TIFF files and computer-assisted processing was used to analyze the images. The scoring of IHC slides was performed using Adobe ® Photoshop 7.0 ® . For the negative stain, the"Y" percentage was less than 10%. For the positive stain, the"Y" percentage increased according to its intensity. We classified the overlying epithelium to upper and lower layers, not including tumor nest in stroma. The percentages of IHC staining in the upper layer (U) and lower layer (L) of the epithelium were calculated. Each layer was evaluated at 5 randomly selected points and the average calculated.
Statistical analysis
KruskaleWallis test and ManneWhitney U test were employed for comparison of the expression of HIF-1a and VEGF in hyperkeratosis and OSCC. p < 0.05 was considered statistically significant in the KruskaleWallis test, and p < 0.01 was defined as statistically significant in the ManneWhitney U test. KaplaneMeier survival analysis was also used. Analyses were performed using Statistical Package for the Social Sciences (IBM SPSS version 22.0; International Business 
Results
VEGF mainly localized in the cytoplasm of the tumor cells in a homogeneous pattern, both in hyperkeratosis and OSCC ( Fig. 1 A, B) . Two patterns of HIF-1a expression were observed: heterogeneous pattern and heterogeneous pattern ( Fig. 2 A, B) . HIF-1a positive tumor nests can be easily found in stroma (Fig. 3 A, B) .
In the quantitative analysis, we calculated the HIF-1a and VEGF expression percentages. For epithelium, the data were classified as upper layer (U), lower layer (L) and U þ L. We found increased HIF-1a expression in the U þ L layer in OSCC, compared to hyperkeratosis. On the other side, mild decrease in VEGF expression percentage (U þ L) was found in OSCC, compared to hyperkeratosis ( Table 1 ). The finding implied HIF-1a expression increased according to the tumorigenesis process, although no statistically significant difference presented.
In tumor stage and differentiation, we found higher U þ L HIF-1a percentage expression in OSCC stages III and IV than in stages I and II ( Table 2) . As for moderated/poorly differentiated OSCC, the percentage of HIF-1a expression in U þ L was also higher than that in well-differentiated OSCC. However, these differences were not significant (table not shown). In the analysis of tumor metastasis and recurrence, highest HIF-1a and VEGF expression were in the U þ L, with statistical significance, p < 0.001 in HIF-1a and p < 0.001 in VEGF ( Table 3) .
As for survival analysis (Figs. 4 and 5) , when the U þ L layer HIF-1a expression exceeded 156.4% in OSCC, there are significant difference in survival ( p < 0.001).
Discussion
Pouyss egur et al. 5 stated that growing cells must constantly instruct the microenvironment, and that one of the regulatory systems involved HIF. The half-life of HIF-1a, in welloxygenated cells (O 2 21%), was found to be less than 5 min. 18 Furlan et al. 19 indicated up-regulation of HIF-1a mRNA was found in colorectal cancer. Tzao et al. 10 described a positive association between HIF-1a and tumor necrosis in esophageal squamous cell carcinoma. Shemirani et al. 9 found reduced oxygen tension would induce transcription of HIF-1a and increased VEGF production. Liang et al. 20 showed than HIF-1a could play a role in tumor lymphagiogenesis by regulating the lymphatic expression of VEGF. While HIF-1a expressed in both the nucleus and cytoplasm, it was mostly found in the cytoplasm. In our study, we used Adobe®Photoshop 7.0® software to calculate the "Y" percentage by using the color model "CMYK". The "Y" color was least influenced by the nuclear stain and could reflect the markers' percentage concentration in the cytoplasm. According to a study by Pham et al., 17 the "Y" channel had strong and linear relationship to IHC intensity. Furthermore, the "Y" channel was shown to be unaffected by the hematoxylin counterstain. Liu et al. 21 found that HIF-1a was highly expressed in OSCC, but in normal oral mucosa, there was no HIF-1a expression.
In our study, we observed HIF-1a and VEGF were expressed in both hyperkeratosis and OSCC. The higher expression in HIF-1a in hyperkeratosis lesions, compared to other studies, may be due to the high rates of alcohol consumption, smoking, and betel nut chewing in our patients. In these leukoplakia patients, the mucosa was already abnormal. The staining pattern revealed VEGF expression was mostly homogeneous, but in HIF-1a, both homogeneous and heterogeneous expression were found. Instead of evaluating wholeepithelial-layer IHC expression, we classified overlying epithelium to upper and lower layer, which may have strengthen the heterogeneous pattern expression in HIF-1a in different layers. However, this interesting finding was not significantly associated with tumor differentiation or stage. We also found tumor nests, which can easily be found in stroma by HIF-1a, showed good advantage in detection of tumor microinvasion. Higher HIF-1a expression was found from the upper to the lower layer of the epithelium in advanced OSCC, including stages III, IV and poorly-differentiated. However, no statistically significant difference was found. West et al. 14 reported that in advanced cervical carcinoma, mutations in advanced cancer cells may lead to increase angiogenesis and expression of angiogenic markers. Therefore, measurement of angiogenic markers cannot be used as surrogate measures of tumor hypoxia. We postulated that in advanced OSCC and poorly-differentiated OSCC, HIF-1a expression was increased by cell tumorigenesis and less related to environmental hypoxic condition. We found the VEGF percentage in the lower layer was higher than in the upper layer, but for HIF-1a, the lower layer expression percentage was lower than that of the upper layer. Increased angiogenesis in adjacent tumor may have reduced the tumor hypoxia environment and resulted decreased in HIF1a expression in the lower-third epithelium. However, in some advanced OSCC, we also found that HIF-1a was highly expressed in the lower layer, and was not influenced by VEGF expression.
As for prognostic markers, among the 5 patients with metastasis and 12 patients with recurrence, the expression levels of HIF-1a and VEGF in the U þ L layer were both higher compared to those in patients without OSCC metastasis and recurrence (metastasis vs. no metastasis and recurrence vs. no recurrence, p < 0.001 in HIF-1a and p < 0.001 in VEGF).
Ogane et al. 22 found a high level of HIF-1a expression in a lymph node metastasis-positive group. Kyzas et al. 23 indicated that HIF-1a expression had no impact on prognosis, while VEGF expression correlated significantly with adverse prognosis. Uehara et al. 24 reported that HIF-1a antigen expression was heterogeneous in the OSCC sections, and high level of HIF-1a expression was associated with a poor prognosis in OSCC, including local recurrence, delayed lymph node metastasis, and pulmonary metastasis. Our study found that if both HIF-1a and VEGF levels were high, the prognosis was poor, especially in patient with tumor metastasis or recurrence. Regarding survival rate, when U þ L layer HIF-1a expression percentage >156.4%, the survival rate was poor ( p < 0.001).
A review by Pouyss egur et al. 5 found dual roles of HIF-1a in tumorigenesis. One was pro-oncogenic effects, which guided the tumor growth. The other was pro-apoptotic effects, which reflected the hypoxic condition. In the oral tissue, HIF1a protein expression was absent or minimal in the cytoplasm and nucleus of epithelial cells. In a study by Naruse et al., 25 71% (85/120) of OSCC patients exhibited HIF-1a expression, ranging from low to strong intensity. Their study also found HIF-1a expression was significantly correlated with tumor stage and regional LN metastasis.
VEGF is one of the downstream proteins regulated by HIF1a, but is less correlated. Eckert et al. 26 found VEGF expression was significantly associated with oral cancer invasion, but showed no correlation with survival. Kishimoto et al. 27 indicated no significant correlation between VEGF and HIF-1a expression in IHC analysis (p ¼ 0.243). The correlation between HIF-1a and VEGF warrants further investigation, including protein or serum, and RNA level.
Our study showed high HIF-1a and VEGF were associated with tumor metastasis and recurrence. As for quantitative measurement in IHC, Uehara et al. 24 suggested that though we can get quantitative information by using biochemical assay or flow cytometry, quantitative measurement in IHC still had advantage in observing the relationship between antigens and tissue morphology. In dysplastic epithelia, Lin et al. 28 found HIF-1a immunostaining was not restricted to the middle third of the epithelium but was also present in the basal and/or the superficial portions of the epithelium; stepwise increase in HIF-1a was found when dysplasia was upgraded. Impling that the expression of HIF-1a is an early event in oral carcinogenesis. 28 We suggest carcinogenetic materials including alcohol, betel nut, and cigarette have a role in causing hypoxic environment in oral mucosa.
As for the heterogeneous HIF-1a expression pattern, our quantitative calculation was still not capable of perfectly reflecting the percentage concentration. Interestingly, while there was no significant HIF-1a expression pattern (homogeneous or heterogeneous) related to tumor differentiation and grading, we believe that the different pattern may still be useful as it reveals different tumor characteristics. There were only 5 metastatic OSCC patients in oral clinical follow-up. Further studies with a larger sample size may provide a better understanding of the prognostic value of HIF-1a and VEGF in OSCC.
